Time-distance analysis and acoustic imaging are two related techniques to probe the Chang
In time-distance analysis, the travel time of a wave packet formed by the modes with the same ,_/l versus the travel distance is determined from the cross-correlation function of signals measured at two locations (Duvall et al. 1993 ).
The phase time of the cross-correlation can also be determined . The perturbation in phase time due to local inhomogeneities can be measured and inverted to infer the flow, magnetic field, and temperature below the solar surface (defferies et al. 1994 , Kosovichev 1996 , Braun 1997 , Bogdan et al. 1997 , Kosovichev & Duvall 1997 .
In acoustic imaging, the signals measured at the solar surface are coherently added, based on the timedistance relation, to construct the signal at a point on the solar surface or in the solar interior (Chang et al. 1997 , Lindsey & Braun 1997 , Chen et al. 1998 , Braun et al. 1998 , Chou et al. 1999 If the travel time used to construct the signals is shifted by a constant, the constructed time series is also shifted by the same amount (Chen et al. 1998 , Chou et al. 1999 . In this study, we use the measured travel time (envelope time) in time-distance analysis to construct signals in acoustic imaging. The measured time-distance relation is sensitive to the frequency (Jefferies et al. 1994 , D'Silva et al. 1999 Scherrer (1995) . The MDI data used in this study are 1024 x 1024 full-disk Doppler images with one minute cadence.
We use two 1024-minute time series on July 6 of 1996 (defined as MDI-1) and July 11 of 1996 (defined as MDI-2).
(Dean: I only used the first 512 minutes for the time-distance analysis)
Each observed full-disk image is transformed into sin/9-¢ coordinates with the GRASP package developed by GONG, where /9 and ¢ are the latitude and the longitude, respectively, in a spherical coordinate system aligned along the solar rotation axis. The solar differential rotation at the surface is removed with an observed surface differential rotation velocity (Libbrecht & Morrow 1991). The data is filtered with a Gaussian filter of FWHM=lmHz centered at 3 and 4 mHz. Details of data preparation are discussed in Chou et al. (1999) .
3.

Phase Time and Envelope Time in Timedistance Analyses
The cross-correlation function C(r, A) between a central point and an annular region at an angular distance of A is computed with 
where A, a and v are the amplitude, width and frequency respectively. The difference between rph and ten increases slowly with angular distance. The increase is approximately
linear. An example (TON-1 at 3 mHz) is shown in Figure 3 . The large fluctuation is caused by the inaccuracy in determining r_,. The dashed line is a linear fit. The results from the other two data sets also have this property:
rph -ten increase slowly and linearly with angular distance.
Since measured rph --ten can be fitted well by a linear function, we subtract this linear function from the fitted rph to obtain r_,, which corresponds to the dashed lines in Figures 1 and 2 . It is noted that the value of rph --r_, is strongly dependent on the frequency. But it always increases slowly and approximately linearly with angular distance.
The modes with the same w/l have approximately the same ray path, and form a wave packet.
If the power distribution of modes is sharply peaked around some value w0 and the second derivative of/_ with respect to w is small, with the expression for wavefunctions in D' Silva (1996) 
where T(r0, r_ =-j_o(/'_.' 0k/0w)10 .ds Is the travel ttme of the wave packet from Tv0to ff along the ray path. The term f_o/_0" dg is the phase change accumulated along the wave path from F0 to _'. The additional phase accounts for the phase change at the boundaries of mode cavity. Equation (3) shows that, apart from an overall phase factor, the wave packet approximately maintains its form.
The cross-correlation function of signals at F0 and f'is computed as equation
where C(r-T, _0) is the auto-correlation function of the signal at +'0, which is peaked at r = T. Thus the envelope of C (r, Fo, r-) is peaked at r = T. The difference between envelope time and phase time of The acoustic signals at a point on the solar surface or in the solar interior can be constructed with the technique of acoustic imaging (Chang et al. 1997 , Chou et al. 1999 .
Since the goal of this study is to compare phase information in time-distance analysis and acoustic imaging, we will use the measured Second, the phase time of the cross-correlation r_h is twice rvh -re_. This is because the phases of constructed outgoing time series and ingoing time series are different from the phase of the original time series by rph --r_ and -(rph -r_), respectively. We will discuss the comparison of these two predictions with observations.
We have analyzed two TON data sets (TON-1 and TON-2).
For each data set, we use the time-distance relation measured from this data set to construct the signals.
We have also analyzed two MDI data sets (MDI-1 and MDI-2). But we use the time-distance relation measured from MDI-1 to construct the signals for MDI-1 and MDI-2. The range of time-distance curves used to construct signals is 3.4 -7.5 o for TON data, and 1.8-5.5°for MDI data.
The target region is a quiet region near the disk center.
Its size is 17.6 x 11.7 0 for TON data and 12.0 x 12.0°for MDI data.
The regions used to construct signals are also in the quiet Sun.
In this study, we use two different ways to determine tel,, and ' rva.
In the first way, we determine the parameters of the cross-correlation function of constructed ingoing and outgoing time series at each point by fitting it to a Gabor wavelet, and then average the parameters over the target region.
In the second way, we average the cross-correlation function over the target region, and then determine the parameters by fitting the average cross-correlation to a Gabor wavelet. The two ways yield very close results. In the tables, we give only the result from the first way. The parameters of the cross-correlation function from the four different data sets are shown in Tables 1 and   2 , which correspond to 3mHz and 4mHz, respectively.
The third column of the tables is the amplitude A of the envelope of the cross correlation function. The fourthcolumnis the modulation period,v -t. The fifth and sixth columns are the envelope time r;n and the phase time r_h of the cross correlation function, respectively.
The last column is the predicted phase time, which equals to 2Ns(rph -T_n), where Ns is the number of the skip (bounce). The value of 7"ph-re,, quoted here is the average over the range of angular distance used to construct signals.
The acoustic signals can be constructed with the signals after more than one bounce from the target point.
The time-distance curve of multiple bounces used in this study is obtained by multiplying both measured travel time and distance of one-bounce by the number of bounces.
The results of 2-bounce and 3-bounce are also shown in tables 1 and 2.
The value of _n is close to zero for 1-bounce results of all four data sets and 2-bounce results of TON-1 and TON-2 at 3 mHz as predicted.
But it is not close to zero for the other cases. We will discuss the possible causes for the large r_, in these cases. On the other hand, the measured T_h is close to the predicted value for all cases we have studied, except one case (2-bounce, TON-2 at 3 mHz). We conclude that the measured r_h is in good agreement with the predicted value. Therefore, it is unlikely that the deviation of measured r-_n from the predicted value is caused by the inaccuracy of measured envelope time r_,_ used in acoustic imaging, because measured r_h is rather close to the predicted value.
The determination of r__n in the fit is less accurate than r_n and it is difficult to estimate the error of r_,_. But it is unlikely that the error in the fit is large as the value of measured r_n , such as 2 minutes, in some cases, though we can not totally rule out this possibility.
The power spectra of filtered data are not exactly a Gaussian, though we use a Gaussian filter (D' Silva et al. 1999) . The power spectra of constructed signals have a further distortion from a Gaussian because different frequencies have different lifetimes. Thus the envelope of the cross-correlation function of constructed outgoing and ingoing time series is not exactly a Gaussian. Fitting the cross-correlation function to a Gabor wavelet may cause some error in determining r',_. But we believe this error can not account for the large value of measured 7-',, alone.
Discussion
This study confirms that the phase time r_h of the cross- 
